Supplementary Information:
Pressure-induced liquid-liquid transition in a family of ionic materials
Z. Wojnarowska et al.



Supplementary Methods

Trihexyl(tetradecyl)phosphonium chloride, [Pses14]Cl, was kindly provided by Solvay. Sodium
tricyanomethanide was bought from TCI Chemicals. All other chemicals were purchased from
Sigma-Aldrich and used as received. XRF analysis was performed on a Rigaku NEX QC+
QuantEZ High-Resolution Energy Dispersive X-ray Fluorescence (EDXRF) Spectrometer. NMR
spectra were recorded on either a Bruker Avance 111 400 MHz spectrometer or a Bruker Avance 11
DPX 600 MHz spectrometer.

[Pess,14][TFSI]. Trihexyl(tetradecyl)phosphonium chloride, [Pess,14] Cl (0.010 mol eq.) and lithium
bis(trifluoromethanesulfon)imide Li[TFSI] (0.013 mol eq.) were separately dissolved in 25 cm?®
deionised water (18.2 MQ.cm) (total 50 cm?®) and then combined in a round-bottomed flask (250
cm?®), resulting in the formation of a biphasic liquid system; the mixture was left to react (1 h, room
temperature, 600 rpm). The aqueous layer was separated, and the organic layer was collected and
washed, firstly with deionized water (18.2 MQ.cm) (10 cm®) and then dichloromethane, DCM (10
cm?®). Subsequent washes were performed with solution of Li[TFSI] in deionised water (18.2
MQ.cm). Final three washes were performed with deionised water (18.2 MQ.cm) until no chloride
could be detected with silver nitrate solution. Subsequently, DCM was removed via rotary
evaporation (30 min, 35 °C) and the ionic liquid was dried under high vacuum (12h, 70 °C, 102
mbar). XRF analysis confirmed chloride content was below the detectable limit. *H, *3C, °F and
3P NMR spectra of the IL were recorded in ds-DMSO.

IH NMR (400.13 MHz, ds -DMSO) &: 0.83-0.92 (m, 12H), 1.21-1.27 (m, 18H), 1.28-1.35 (m,
14H), 1.35-1.43 (m, 8H), 1.43-1.55 (m, 8H), 2.11-2.23 (m, 8H).

13C{*H} NMR (100.61 MHz, d¢ -DMSO) &: 13.53 (s, P-(CH2)5-CH3)., 13.64 (s, P-(CH2)13-
CH3)., 17.45 (d, Lic/p = 188 Hz, P-CH2-(CH2)4-CHa), 17.52 (d, 1dc/p = 192 Hz, P-CHa-
(CH2)12-CHs), 20.46 (s, ), 20.50 (5, ), 20.54 (s, ), 21.75 (s, ), 22.07 (s, ), 28.81 (d, 2Jc/p = 116
Hz, P-CH2-CH2-(CH2)3-CHjs), 28.90 (d, 2)c/p = 128 Hz, P-CH2-CH2-(CH2)11-CHs3), 29.04
(s, P-(CH2)4-CH2-CH3), 29.09 (s, ), 29.70 (d, 3Jc/p = 60 Hz, P-(CH2)2-CH2-(CH?2)10-CHs3),
29.95 (d, 3Jc/p = 60 Hz, P-(CH2)2-CH2-(CH2)2-CH3), 30.34 (s, P-(CH2)3-CH2-(CH2)o-
CHa), 31.32 (s, P-(CH2)3-CH2-CH2-CHs), 119.50 (g, 1ic/F = 1280 Hz CF3).

F NMR (376.50 MHz, ds -DMSO) 5: -79.00.

$1IP{'H} NMR (161.98 MHz, d¢ -DMSO) §: 33.55.
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Supplementary Figure 1. *H NMR spectrum (DMSO-ds, 400.13 MHz, 25 °C) of [Pess,12][TFSI].

Source data are provided as a Source Data file.
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Supplementary Figure 2. 3C NMR spectrum (ds-DMSO, 100.61 MHz, 25 °C) of [Pess,14][TFSI]
in de-DMSO. Source data are provided as a Source Data file.
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Supplementary Figure 3. 1°F NMR spectrum (de-DMSO, 376.50 MHz, 25 °C) of [Pess 14][TFSI].
Source data are provided as a Source Data file.
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Supplementary Figure 4. 3'P NMR spectrum (ds-DMSO, 161.98 MHz, 25 °C) of [Pess,14][TFSI].

Source data are provided as a Source Data file.



[Ps66,14][SCN]. Trihexyl(tetradcyl)phosphonium chloride [Pess,14]Cl (0.010 mol eq.) and K[SCN]
(0.013 mol eq.) were separately added to 25 cm?® deionised water (18.2 MQ.cm) deionised water
(total 50 cm®) and then combined in a round-bottomed flask (250 cm?), resulting in the formation
of a biphasic liquid system; the mixture was left to react (1 h, room temperature, 600 rpm). The
aqueous layer was separated, and the organic layer was collected and washed, firstly with deionised
water (10 cm?®) and then dichloromethane, DCM (10 cm?®). Subsequent washes were performed
with solution of K[SCN] in deionised water (18.2 MQ.cm). Final three washes were performed
with deionised water (18.2 MQ.cm) until no chloride could be detected with XRF. Subsequently,
DCM was removed via rotary evaporation (30 min, 35 °C) and the ionic liquid was dried under
high vacuum (12h, 70 °C, 102 mbar). XRF analysis of [Pess 14][SCN] confirmed chloride content
was below the detectable limit. *H, *C and 3!P NMR spectra of the ionic liquid were recorded in
de-DMSO.

IH NMR (600.13 MHz, ds -DMSO) &: 0.86-0.94 (m, 12H), 1.23-1.30 (m, 18H), 1.31-1.36 (m,
14H), 1.37-1.44 (m, 8H), 1.45-1.55 (m, 8H), 2.16-2.24 (m, 8H).

BC{'HINMR (150.90 MHz, ds -DMSO) §: 13.58 (s, P-(CH2)5-CH3)., 13.60 (s, P-(CH2)13-
CH3), 18.63 (d, 1dc/p = 186 Hz, P-CH2-(CH2)4-CHs), 21.35 (s, ), 22.01 (s, ), 22.14 (s, ), 22.27
(s,), 27.86 (d, 2Jc/p = 198 Hz, P-CH2-CH2-(CH2)3-CHs), 28.83 (d, 2Jc/p = 198 Hz, P-CHa-
CH2-(CH2)11-CH3), 28.97 (s, ), 29.28 (s, P-(CH2)4-CH2-CH3), 29.36 (s, ), 30.08 (d, 3Jc/p =

60 Hz, P-(CH2)2-CH2-(CH2)10-CHs), 30.43 (d, 3Jc/p = 60 Hz, P-(CH2)2-CH2-(CH2)2-CHs),
30.70 (s, P-(CH2)3-CH2-(CH2)9-CHs), 31.31.09 (s, P-(CH2)3-CH2-CH2-CHs), 31.54 (s, ),
130.67 (s, S-CN).

SIP{IHINMR (242.938 MHz, ds -DMSO) &: 32.58.
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Supplementary Figure 5. *H NMR spectrum (ds-DMSO, 600.13 MHz, 25 °C) of [Pess,14][SCN].
Source data are provided as a Source Data file.
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Supplementary Figure 6 . >*C NMR spectrum (dg-DMSO, 150.90 MHz, 25 °C) of [Pess.14][SCN].
Source data are provided as a Source Data file.
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Supplementary Figure 7. 3P NMR spectrum (ds-DMSO, 242.94 MHz, 25 °C) of [Psss,14][SCN].
Source data are provided as a Source Data file.



[Pess,14][TCM]. Trihexyl(tetradecyl)phosphonium chloride [Pess,14]Cl (0.010 mol eq.) and sodium
tricyanomethanide, Na[TCM] (0.013 mol eq.) were separately added to 25 cm? deionised water
(18.2 MQ.cm) (total 50 cm®) and then combined in a round-bottomed flask (250 cm?®), resulting in
the formation of a biphasic liquid system; the mixture was left to react (1 h, room temperature, 600
rpm). The aqueous layer was separated, and the organic layer was collected and washed, firstly
with deionised water (18.2 MQ.cm) (10 cm®) and then dichloromethane, DCM (10 cm®). Six
subsequent washes were performed with solution of Na[TCM] in deionised water (18.2 MQ.cm).
Final three washes were performed with deionised water (18.2 MQ.cm) until no chloride could be
detected with silver nitrate solution. Subsequently, DCM was removed via rotary evaporation (30
min, 35 °C) and the ionic liquid was dried under high vacuum (12h, 70 °C, 102 mbar). XRF
analysis of [Pees,14][TCM] recorded a chloride content of 89.3 ppm with a lower detection limit
(LLD) of 2.80 ppm. tH, *C and 3P NMR spectra of the ionic liquid were recorded in ds-DMSO.

IH NMR (600.13 MHz, ds -DMSO) &: 0.84-0.93 (m, 12H), 1.21-1.28 (m, 18H), 1.30-1.35 (m,
14H), 1.35-1.42 (m, 8H), 1.43-1.54 (m, 8H), 2.14-2.23 (m, 8H).

BC{'H}NMR (150.90 MHz, ds -DMSO0) &: 4.87 (s, C-(CN)3),13.54 (s, P-(CH2)5-CH3)., 13.68
(s, P-(CH2)13-CH3), 18.28 (d, 1uc/p = 186 Hz, P-CH2-(CH2)4-CHa), 20.92 (s, ), 20.95 (s, ),
21.96 (s, ), 22.34 (s, ), 28.07 (s, ), 28.63 (d, 2Jc/p = 196 Hz, P-CH2-CH2-(CH2)3-CH3), 29.12
(d, 2Jc/p = 114 Hz, P-CH2-CH2-(CH2)11-CHs), 29.33 (s, ), 29.36 (s, P-(CH2)4-CH2-CH3),

29.38 (s, ), 29.92 (d, 3Jc/|:> = 60 Hz, P-(CH2)2-CH2-(CH2)10-CH3), 30.25 (d, 3Jc/p = 54 Hz, P-
(CH2)2-CH2-(CH2)2-CH3), 30.49 (s,), 31.06 (s, P-(CH2)3-CH2-(CH2)9-CH3), 31.59 (s, P-
(CH2)3-CH2-CH2-CH3), 120.83 (5, C-(CN)3).

SIP{'H}INMR (242.94 MHz, ds -DMSO) §: 32.96.
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Supplementary Figure 8 *H NMR spectrum (ds-DMSO, 600.13 MHz, 25 °C) of [Pess.14][TCM].
Source data are provided as a Source Data file.
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Supplementary Figure 9 *C NMR spectrum (ds-DMSO, 150.90 MHz, 25 °C) of [Pess14][TCM].
Source data are provided as a Source Data file.
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Supplementary Figure 10. *'P NMR spectrum (ds-DMSO, 242.94 MHz, 25 °C) of [Pess,14][TCM].
Source data are provided as a Source Data file.



[Pess,14][BF4]. Trihexyl(tetradecyl)phosphonium chloride [Psss,14]Cl (0.010 mol eq.) and sodium
tetrafluoroborate, Na[BF4] (0.013 mol eq.) were separately added to 25 cm? deionised water (18.2
MQ.cm) (total 50 cm®) and then combined in a round-bottomed flask (250 cm?), resulting in the
formation of a biphasic liquid system; the mixture was left to react (1 h, room temperature, 600
rpm). The aqueous layer was separated, and the organic layer was collected and washed, firstly
with deionised water (18.2 MQ.cm) (10 cm®) and then dichloromethane, DCM (10 cm?).
Subsequent washes were performed with solution of Na[BF4] in deionised water (18.2 MQ.cm).
Final three washes were performed with deionised water (18.2 MQ.cm) until no chloride could be
detected with silver nitrate solution. Subsequently, DCM was removed via rotary evaporation (30
min, 35 °C) and the ionic liquid was dried under high vacuum (12h, 70 °C, 102 mbar). XRF
analysis of [Pess,14][BF4] recorded a chloride content of 69.0 ppm with a lower detection limit
(LLD) of 2.35 ppm. H, 13C, B and 3P NMR spectra of the ionic liquid were recorded in ds-
DMSO.

IH NMR (600.13 MHz, ds -DMSO) &: 0.89-0.96 (m, 12H), 1.25-1.32 (m, 18H), 1.32-1.38 (m,
14H), 1.39-1.47 (m, 8H), 1.47-1.56 (m, 8H), 2.17-2.26 (m, 8H).

BC{'H}INMR (150.90 MHz, ds -DMSO0) &: 13.75 (s, P-(CH2)5-CH3)., 13.83 (s, P-(CH2)13-CH3),
17.36 (d, Lic/p = 192 Hz, P-CH2-(CH2)4-CHs), 17.46 (d, Lic/p = 186 Hz, P-CH2-(CH2)12-
CHa), 20.47 (s, ), 20.50 (s, ), 21.77 (s, ), 22.06 (5, ), 28.07 (s, ), 28.79 (d, 2Jc/p = 186 Hz, P-CHa-
CH2-(CH2)3-CHs), 28.86 (d, 2Jc/p = 186 Hz, P-CH2-CH2-(CH2)11-CHs3), 28.99 (s, ), 29.03 (s,
P-(CH2)4-CH2-CH3), 29.05 (s, ), 29.70 (d, 3Jc/p = 60 Hz, P-(CH2)2-CH2-(CH2)10-CHs), 29.93
(d, 3Jc/p = 60 Hz, P-(CH2)2-CH2-(CH2)2-CH3), 30.36 (s, P-(CH2)3-CH2-(CH2)9-CH3), 31.28
(s, P-(CH2)3-CH2-CH2-CHy3).

1B NMR (64.48 MHz, ds -DMSO) &: -1.26.

19F NMR (564.69 MHz, ds -DMSO) 5: -148.42.

$P{'H}INMR (242.94 MHz, ds -DMSO) §: 33.70.
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Supplementary Figure 11 *H NMR spectrum (ds-DMSO, 600.13 MHz, 25 °C) of [Pess,14][BF4].

Source data are provided as a Source Data file.
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Supplementary Figure 12 **C NMR spectrum (ds-DMSO, 150.90 MHz, 25 °C) of

[Psss,14][BF4]. Source data are provided as a Source Data file.
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Supplementary Figure 13 !B NMR spectrum (ds-DMSO, 64.48 MHz, 25 °C) of [Pess,14][BF].
Source data are provided as a Source Data file.
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Supplementary Figure 14 °F NMR spectrum (ds-DMSO, 564.69 MHz, 25 °C) of [Pess,14][BF4].
Source data are provided as a Source Data file.
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Supplementary Figure 15. 3P NMR spectrum (de-DMSO, 242.94 MHz, 25 °C) of
[Psss,14][BF4]. Source data are provided as a Source Data file.



[Pees,14][TAU]. Trihexyl(tetradecyl)phosphonium chloride [Pess,14]Cl was converted to
[Pess 12][OH] (solution in methanol) following a literature procedure.® [Pegs14][TAU] was
synthesised following a modified literature procedure.? Taurine (0.012 mol eq.) was dissolved in
35 cm® of deionised water (18.2 MQ.cm) and [Pess,14][OH] (0.015 mol eq., solution in methanol)
was added. The solution was stirred for 2 h at ambient temperature and the water-methanol mixture
was removed via rotary evaporation (3 h, 30-80 °C). Crude product was dissolved in 50 ml of dry
acetonitrile and stored in the fridge (5 °C) for 12h. The excess taurine crystallised and was filtered
off. Acetonitrile was removed via rotary evaporation (30 min, 60 °C) and the ionic liquid was dried
under high vacuum (overnight, 70 °C, 102 mbar). XRF analysis of [Psgs,14][TAU] confirmed
chloride content was below the detectable limit. *H, *C, !B and 3P NMR spectra of the ionic
liquid were recorded in de-DMSO.

IH NMR (600.13 MHz, ds -DMSO) &: 0.83-0.92 (m, 12H) 1.19-1.28 (m, 18H), 1.28-1.35 (m, 14H),
1.35-1.44 (m, 8H), 1.44-1.54 (m, 8H), 2.20-2.30 (m, 8H), 2.47-2.53 (t, 2H), 2.77-2.83 (t, 2H).
BC{HINMR (150.90 MHz, ds -DMSO) &: 13.61 (s, P-(CH2)5-CH3)., 13.66 (s, P-(CH2)13-
CH3), 17.39 (d, 1dc/p = 186 Hz, P-CH2-(CH2)4-CHs), 17.47 (d, 1ic/p = 192 Hz, P-CH2-
(CH2)12-CHs), 20.56 (s, ), 20.58 (s, ), 21.75 (5, ), 22.03 (s, ), 28.13 (s, ), 28.85 (d, 2JC/p = 204
Hz, P-CH2-CH2-(CH2)3-CHz3), 28.96 (s, ), 29.01 (d, 2)c/p = 36 Hz, P-CH2-CH2-(CH2)11-
CH?), (s, P-(CH2)4-CH2-CH3), (s, ), 29.71 (d, 3Jc/p = 60 Hz, P-(CH2)2-CH2-(CH2)10-CHs3),

29.97 (d, 3Jc/p = 60 Hz, P-(CH2)2-CH2-(CH2)2-CHs), 30.37 (s, P-(CH2)3-CH2-(CH2)g-
CHz3), 31.26 (s, P-(CH2)3-CH2-CH2-CHa) 38.52 (s, SO3-CH2-CH2-NH2), 54.76 (s, SO3-CH>-
CH2-NHy).

$P{'H}INMR (242.94 MHz, ds -DMSO) §: 33.53.
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Supplementary Figure 16 *H NMR spectrum (ds-DMSO, 600.13 MHz, 25 °C) of

[Pess,14][TAU]. Source data are provided as a Source Data file.
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Supplementary Figure 17 *3C NMR spectrum (ds-DMSO, 150.90 MHz, 25 °C) of
[Pess,14][TAU]. Source data are provided as a Source Data file.
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Supplementary Figure 18. 3P NMR spectrum (de-DMSO, 242.94 MHz, 25 °C) of
[Psss,14][TAU]. Source data are provided as a Source Data file.



[Pess,14][BHa4]. Trihexyl(tetradecyl)phosphonium chloride [Psss,14]Cl (0.10 mol eq.) and sodium
borohydride, Na[BH4] (0.13 mol eq.) were separately added to 150 cm?® of deionised water (18.2
MQ.cm). Both solutions were combined (total of 300 cm?®) in a round-bottomed flask, resulting in
the formation of a biphasic liquid system. The solution was left to react (48 h, room temperature,
600 rpm). The ionic liquid layer was dissolved in 300 cm? of chloroform (CHCIs) and collected
using a separating funnel. The dense chloroform layer was washed ten times with 100 cm?® of salt
solution (1.0 equivalent of NaBH4 in 1000 cm?® of deionised water (18.2 MQ.cm)). Chloroform
was removed via rotary evaporation (30 min, 35 °C) and the solution was dried overnight under
high vacuum (12 h, 70 °C, 10 mbar). XRF analysis of [Psss,14][BH4] recorded a chloride content
of 47900 ppm with a lower detection limit (LLD) of 3.57 ppm. Chloride removal was carried out
in three subsequent polishing steps.

Firstly, ionic liquid [Pess,14][BH4] was redissolved in 300 cm? of chloroform and additional washes
were performed to lower the chloride content. 1.0 equivalent of NaBH was dissolved in 150 cm?®
of deionised water (18.2 MQ.cm) and added to the solution. The reaction mixture was stirred for
4 h, then allowed to stand for 30 min for chloroform—water phase separation. Centrifugation was
performed to encourage phase disentanglement. The dense chloroform layer was washed seven
times with 100 cm? of deionised water (18.2 MQ.cm) to remove traces of NaCl by-product residing
within the organic layer. Chloroform was removed via rotary evaporation (30 min, 35 °C) and the
solution was dried overnight under high vacuum (12 h, 70 °C, 102 mbar). XRF analysis of
[Pees,14][BH4] recorded a chloride content of 9270 ppm with a lower detection limit (LLD) of 3.97

ppm.

Secondly, the ionic liquid [Pess14][BH4] was again redissolved in 300 cm? of chloroform and
additional washes were performed to lower the chloride content. 1.0 equivalent of NaBH4 was
dissolved in 150 cm?® of deionised water (18.2 MQ.cm) and added to the solution. The reaction
mixture was stirred for 4 h, then allowed to stand for an additional 30 min. Centrifugation was
performed to encourage phase disentanglement. The dense chloroform layer was washed seven
times with 100 cm?® of deionised water (18.2 MQ.cm). Chloroform was removed via rotary
evaporation (30 min, 35 °C) and the solution was dried overnight under high vacuum (12 h, 70 °C,
1072 mbar). XRF analysis of [Pess 14][BH4] recorded a chloride content of 7230 ppm with a lower
detection limit (LLD) of 3.96 ppm.

In the final step, the ionic liquid [Pess14][BH4] was redissolved in 300 cm? of chloroform and
additional washes were performed. 1.0 equivalent of NaBH4 was dissolved in 150 cm? of deionised
water (18.2 MQ.cm) and added to the solution. The reaction mixture was stirred for 4 h and
allowed to stand for 30 min. The dense chloroform layer was washed seven times with 100 cm? of
salt solution (1.0 equivalent of NaBH in 700 cm?® of deionised water (18.2 MQ.cm). Final three
washes were performed with 100 cm?® of deionised water (18.2 MQ.cm). Chloroform was removed
via rotary evaporation (30 min, 35 °C) and the ionic liquid was dried overnight under high vacuum
(12h, 70 °C, 102 mbar). XRF analysis of [Psss,14][BH4] was recorded three times to give an average
chloride content of 1326 ppm with an average lower detection limit (LLD) of 3.49 ppm. 'H, *3C,
11B and 3P NMR spectra of the ionic liquid were recorded in ds-DMSO.

IH NMR (600.13 MHz, ds-DMSO) &: -0.72-(-0.27) (g, 4H) 0.44-0.60 (m, 12H), 0.60-0.92 (m,
18H), 0.92-1.01 (m, 14H), 1.04-1.16 (m, 8H), 1.17-1.38 (m, 8H), 1.92-2.48 (m, 8H).



BC{'H} NMR (150.90 MHz, ds-DMSO) §: 13.15 (s, P-(CH2)5-CH3), 13.18 (s, P-(CH2)13-
CH3), 18.07 (d, 1dc/p = 186 Hz, P-CH2-(CH2)4-CHs and P-CH2-(CH2)12-CHs3), 20.98 (s, P-
(CH2)12-CH2-CH3), 21.06 (s, P-(CH2)11-CH2-CH»-CH3), 21.62 (S, P-(CH2)10-CH2-(CH2)2-CH3),
21.75 (s, P-(CH2)e-CH2-(CH2)3-CH3), 21.84 (s, P-(CH2)s-CH2-(CH2)4-CH3), 27.54 (d, 2Jc/p =
258 Hz, P-CH2-CH2-(CH>)3-CHs3), 28.29 (s, P-(CH2)7-CH2-(CH>)s-CH3), 28.57 (s, P-(CH2)s-
CH2-(CH2)e-CH3), 28.75 (s, P-(CH2)s5-CH2-(CH2)7-CH3), 28.87 (s, P-(CH2)4-CH2-(CH>)s-
CH3), 28.96 (s, P-(CH2)4-CH2-CH3), 29.64 (d, 2Jc/p = 54 Hz, P-CH2-CH2-(CH2)11-CHs3),
30.00 (d, 3Jc/p = 60 Hz, P-(CH2)2-CH2-(CH2)10-CH3), 30.17 (d, 3Jc/p = 54 Hz, P-(CH2)2-
CH2-(CH2)2-CHj3), 30.36 (s, P-(CH2)3-CH2-(CH2)9-CHj3), 31.11 (s, P-(CH2)3-CH2-CH2-
CHa).

1B NMR (64.48 MHz, ds-DMSO) &: -36.98 (p).

SIPLIHINMR (242.94 MHz, ds-DMSO) &: 32.72.
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Supplementary Figure 19 *H NMR spectrum (de-DMSO, 600.13 MHz, 25 °C) of [Pess,14][BH4].
Source data are provided as a Source Data file.
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Supplementary Figure 20 **C NMR spectrum (ds-DMSO, 150.90 MHz, 25 °C) of
[Psss,14][BH4]. Source data are provided as a Source Data file.
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Supplementary Figure 21 'B NMR spectrum (ds-DMSO, 64.48 MHz, 25 °C) of [Pess,14][BHa].

Source data are provided as a Source Data file.
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Supplementary Figure 22. 3P NMR spectrum (ds-DMSO, 242.94 MHz, 25 °C) of
[Psss,14][BHa4]. Source data are provided as a Source Data file.



[Psss,14][BOB] was synthesized in a two-step synthesis, following a recently-reported, improved
procedure®.

Na[BOB]. Oxalic acid (0.03 mol eg.) and boric acid (0.01 mol eq.) were separately dissolved in
water and then combined under constant stirring. Na2COz (0.5 mol eq.) was slowly added to the
mixture with vigorous stirring. The turbid solution was heated in an oil bath at 120 °C and water
collected by distillation until a dry white powder was obtained. The crude product was dispersed
in hot acetonitrile at 60 °C and stirred for one hour. The white powder formed was isolated using
vacuum filtration. The product was further washed with cold ethanol and the powder was dried
overnight under high vacuum (12 h, 60 °C, 102 mbar). *C and ''B NMR spectra of sodium
bis(oxalate)borate (Na[BOB]) were recorded in CDCls.

BC{H}INMR (150.90 MHz, CDCls) &: 158.59.
1B NMR (64.48 MHz, CDCls) §: 7.35.

[Pess,14][BOB]. Trihexyl(tetradecyl)phosphonium chloride [Psss,14]Cl (0.01 mol eg.) and sodium
bis(oxalato)borate (0.01 mol eq.) were mixed in 150 cm? of dichloromethane, DCM. The reaction
mixture was stirred overnight at room temperature and then water was added under continuous
stirring. The aqueous layer was separated, and the organic layer was collected and washed with
100 cm? deionized water (18.2 MQ.cm). Subsequent washes were performed with solution of
Na[BOB] in deionized water (18.2 MQ.cm). Final three washes were performed with deionised
water (18.2 MQ.cm) water until no chloride could be detected with silver nitrate solution.
Subsequently, DCM was removed via rotary evaporation (30 min, 35 °C) and the ionic liquid was
dried overnight under high vacuum (12 h, 60 °C, 102 mbar). XRF analysis of [Pegs,14][BOB]
recorded a chloride content of 158 ppm with a lower detection limit (LLD) of 2.22 ppm. 'H, $3C
and 3P NMR spectra of the ionic liquid were recorded in CDCls.
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Supplementary Figure 23 **C NMR spectrum (CDCls, 150.90 MHz, 25 °C) of Na[BOB].
Source data are provided as a Source Data file.
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Supplementary Figure 24. !B NMR spectrum (CDCls, 64.48 MHz, 25 °C) of Na[BOB].
Source data are provided as a Source Data file.



IH NMR (600.13 MHz, CDCls) 5: 0.86-0.91 (m, 12H), 1.21-1.31 (m, 18H), 1.31-1.35 (m, 14H),
1.44-1.51 (m, 8H), 1.51-1.58 (m, 8H), 2.09-2.21 (m, 8H).

BC{*HINMR (150.90 MHz, CDCls) &: 13.98 (s, P-(CH2)5-CH3), 14.23 (s, P-(CH2)13-CH3),
18.99 (d, Lic/p = 186 Hz, P-CH2-(CH2)4-CHs3), 19.00 (d, 1c/p = 186 Hz, P-CH2-(CH2)12-
CHs), 21.63 (s, P-(CH2)12-CH2-CH3), 21.67 (s, P-(CH2)11-CH2-CH2-CH3), 21.71 (s, P-(CH2)10-
CH2-(CH2)2-CH3), 22.37 (s, P-(CH2)e-CH2-(CH2)3-CH3), 22.80 (s, P-(CH2)s-CH2-(CH2)s-CH3),
27.92 (s, P-(CH2)7-CH2-(CH2)5-CHg), 28.35 (s, P-(CH2)s-CH2-(CH2)6-CHs), 28.94 (s, P-(CH2)s-
CHa-(CH2)7-CHs), 29.47 (d, 2Jc/p = 72 Hz, P-CH2-CH2-(CH2)s-CHs), 29.65 (d, 2Jc/p = 72
Hz, P-CH2-CH2-(CH2)11-CHs), 29.75 (s, P-(CH2)4-CH2-CH3), 29.79 (s, P-(CH2)4-CHo-
(CH2)s-CHs), 30.44 (d, 3Jc/p = 60 Hz, P-(CH2)2-CH2-(CH2)2-CHz), 30.79 (d, 3Jc/p = 60 Hz,
P-(CH2)2-CH2-(CH2)10-CHs3), 31.01 (s, P-(CH2)3-CH2-(CH2)9-CHj3), 32.03 (s, P-(CH2)3-CH2-
CH2-CHs), 159.03 (s, B(C204),).

1B NMR (64.48 MHz, CDCls) 3: 7.66.
S1p{1H} NMR (242.94 MHz, CDCls) §: 33.18.
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Supplementary Figure 25 *H NMR spectrum (CDCls, 600.13 MHz, 25 °C) of [Pess 14][BOB].
Source data are provided as a Source Data file.
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Supplementary Figure 26 1*C NMR spectrum (CDCls, 150.90 MHz, 25 °C) of [Psss,14][BOB].
Source data are provided as a Source Data file.
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Supplementary Figure 27 !B NMR spectrum (CDCls, 64.48 MHz, 25 °C) of [Pess 14][BOB].
Source data are provided as a Source Data file.
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Supplementary Figure 28. 3P NMR spectrum (CDCls, 242.94 MHz, 25 °C) of [Pes 14][BOB].
Source data are provided as a Source Data file.

Prior to the measurements, the samples were dried under vacuum at 90 °C for 24 h. The water
content detected using the Karl Fischer method, was around 500 and 300 ppm before and after
drying, respectively. The one exception is [Pess,14][BH4] with the water content of 3% after drying.



Supplementary Note 1

c d e f g
. T Tgor T or
_JJ\__J;___L_____L__

0
200 240 280 180 240 300 200 240 280 200 210 220 200 210 190 200 210 190 200 210
Temperature (K)

[Pegs 14[SCN] [Pggs,14l[TCM] [Pege.1a[ TAU]

< |h i

o

- 3 3

= T

a2 2

o Y Y

1

200 220 190 200 210
Temperature (K)

Supplementary Figure 29 Differential scanning calorimetry (DSC) traces of [Pess,14]*-based
ILs. The DSC data collected on cooling (blue curve) and subsequent heating (black curve) with
the rate of 1 K-min™ of a [Pess14][SCN], b [Pess14][BF4], C [Pess14][BH4], d [Pess14][TCM], €
[Pees,14][TFSI], T [Pess,14][TAU], g [Psss,14][BOB]. Arrows indicate the onset of: LLT (pink one),
melting point (green one), cold crystallization (red one) and Tg (blue one). Panels h, i and j shows
DSC thermograms obtained on heating of aged glass with the rate of 1 K per min (red curve) and
10 K per min (turquoise curve). T4 shifts left on a slower scanning rate as indicated by blue arrows;
however, at the same time, a slow release of enthalpy occurs and overshoot peak is no longer
visible. Source data are provided as a Source Data file
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Supplementary Figure 30. a and b Heat capacity measured on different heating and cooling
rate:10 (black), 5 (blue), 2 (green), and 1 (pink) K per min for [Psss,14]-based ionic liquids (the
name of IL is described in the panel). Panel ¢ presents the zoom of data presented in panel b.
Source data are provided as a Source Data file.
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Supplementary Figure 31 Comparison between DSC traces obtained during the standard heating
with rate 10 K/min (black curved) and after the 6 hours-aging process performed in the glassy state
(turquoise curve) for a [Pees,14][BOB], b [BMIm][BETI] and ¢ [BMP][BOB]. In the latter two
cases, clear overshoot peak of aged glass is visible. Source data are provided as a Source Data file.
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Supplementary Figure 32. The change of & as a function of temperature at fixed frequency
(f=1MHz) during cooling (blue) and heating (red) with a rate of 1 K per min for [Pees14] [BOB],
[Pess14] [TCM], [Pess14] [TFSI], [Pess14] [SCN], [Pess14] [Tau] and [Pess14] [BF2]. The light blue
and light red curves in the graph of [Psss14] [BF4] denote the cooling and heating processes with a
rate of 5 K per min, respectively. Source data are provided as a Source Data file.
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Supplementary Figure 33. All the dielectric modulus spectra collected for [Pess14]-based IL at
ambient pressure conditions. a [Pess,14][BOB], b [Pses,14][TCM], ¢ [Pess,14][TFSI], d [Pess,14][SCN],
e [Pess,14][TAU], f [Psss,14][BH4]. Source data are provided as a Source Data file.
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Supplementary Figure 34. Stickel analysis of studied samples. Arrows indicate the LLT.
Source data are provided as a Source Data file.
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Supplementary Figure 35. The dc-conductivity of [Pess 14]-based ionic liquids as a function of
inverse temperature. The solid circles for [Pess.12][BH4] represent the data taken from ref. 4. T
denotes temperature of liquid-liquid transition. Source data are provided as a Source Data file.
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Supplementary Figure 36. Dielectric modulus data recorded at high-pressure conditions and four
different temperatures for a [Pees,14][[TFSI], b [Pess14][[TCM] and ¢ [Pess,14][[TAU]. IT denotes
temperature of isotherm. The data collected in liquid 1 (L1) are marked in grey, while data
collected in liquid 2 (L2) are marked in color. Source data are provided as a Source Data file.
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Supplementary Figure 37. Dielectric modulus data of [Pees,14][BOB] recorded at high-pressure
conditions at a 218 K, b 223 K, ¢ 231 K, d 238 K. IT means isotherm. Source data are provided

as a Source Data file.
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Supplementary Figure 38. The representative M”(f) spectra of a [Peses,14][BOB], b [Pees,14][ TAU]
and c [Pess,14] [TFSI] recorded at various T-P conditions however the same z, superimposed to each
other at two different frequencies in liquid 1 (L1) and liquid 2 (L2). Source data are provided as a
Source Data file.
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Supplementary Figure 39. Temperature dependence of specific volume for [Pess.14][TCM],
[Pess,14][TAU] and [Pess,14][TFSI]. The data for [Pess,14][ TFSI] were taken from ref. 5. Source data

are provided as a Source Data file.
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